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1. Introduction 
1.1 Taxonomy and distribution 
Sclerocarya birrea (A. Rich.) Hochst. subsp. caffra (Sond.) (marula) is a very common and 
widespread throughout much of sub-Saharan Africa and is a member of the Anacardiaceae 
family, along with 650 species and 70 genera of mainly tropical or subtropical evergreen or 
deciduous trees, shrubs and woody vines along side with the mango (Mangifera indica L.). S. 
birrea has three recognised subspecies; fruit-bearing species of which Sclerocarya birrea subsp. 
caffra is the most ubiquitous and occurs in east tropical Africa (Kenya, Tanzania), south 
tropical Africa (Angola, Malawi, Mozambique, Zambia and Zimbabwe) and southern Africa 
(Botswana, Namibia, South Africa and Swaziland) as well as Madagascar. Sclerocarya birrea 
subsp. multifoliolata (Engl.) Kokwaro subspecies occurs in mixed deciduous woodland and 
wooded grassland in Tanzania. The tree grows in a wide variety of soils but prefers well-
drained soil. It exists at altitudes varying from sea level to 1800 m and an annual rainfall 
range of 200 – 1500 mm. The key factor limiting its distribution is its sensitivity to frost (Von, 
1983; Palgrave, 1990; Mizrahi and Nerd, 1996; Aganga and Mosase, 2001; Emanuel, et al., 
2005).  
1.2 Flowering and fruiting 
S. birrea is a dioecious species. Male and female flowers occur separately, but not always, on 
separate trees. The flowers are small, with red sepals and yellow petals, and are borne in 50 
– 80 mm-long sprays of small oblong clusters (Venter and Venter, 1996; van Wyk and van 
Wyk, 1997; van Wyk et al., 2002). 
1.3 Traditional uses of marula fruit  
It has many uses, including the fruits that are eaten fresh or after fermentation to make a 
beer, the kernels are eaten or the oil extracted, the leaves are browsed by animals and have 
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medicinal properties, as does the bark. The wood is carved into traditional utensils such as 
spoons and plates as well as decorative curios. Because of the widespread occurrence and 
use of S. birrea it has frequently been identified as a key species in the development of rural 
businesses using the fruit, beer, nuts or oil and therefore a good candidate for domestication 
(Fox and Norwood, 1982; Nerd and Mizrahi, 1993; Mizrahi and Nerd, 1996; Shackleton et al., 
2002). The fruit and nuts have extensive commercial value. The fruit is described as having 
an exotic flavor and high nutritive value (for example, vitamin C content is up to 3 times 
higher in ‘marula’ fruit than equivalent weight of oranges. The fruit is often fermented to 
give an alcoholic beverage. Some tribes, such as the Pedi, prepare a relish from the leaves of 
S. birrea. The Zulu people of South Africa regard S. birrea fruit as a potent insecticide (van 
Wyk, et al., 2002; Mdluli, 2005). The whole fruit is used in many parts of southern Africa for 
brewing beer and distilling spirits. In Mozambique, South Africa and Zambia, the fruit of S. 
birrea is used to flavor liqueur. The gum obtained from the tree is rich in tannins, and hence, 
it is employed in the production of an ink substitute. Zimbabwean and South African 
villagers benefit from the customary usage of S. birrea wood in the manufacture of dishes, 
maize stamping mortars, drums, toys, curios, divining bowls and carvings. The peel from S. 
birrea fruit is of paramount importance in the production of oil for cosmetic purposes 
(Ojewole, et al., 2010). 
1.4 The marula fruit  
Female trees bear pale-yellow, round fruit with thick leather-like rind, and fibrous, juicy, 
mucilaginous flesh. The fruit, which is about the size of a golf ball, is pale-yellow when ripe, 
with a diameter of 30 – 40 mm (Nerd and Mizrahi, 1993; Ojewole et al., 2010). The fruit has 
sour taste, and is much sought-after by birds, game mammals and humans, because of its 
delicious pulp, and edible, tasty nuts (van Wyk, et al., 2002). The fruit pulp contains citric 
acid, vitamin C and sugar, while the nut is rich in non-drying oil and protein (van Wyk, et 
al., 2002; Hillman, et al., 2008; Ojewole, et al., 2010). The only way to make this fruit juice 
available to children before fermentation and is by finding ways to extend its shelf life. The 
average Sclerocarya birrea (marula) tree under the climatic conditions of Matebeleland South 
produces 20000±5000 fruits per season. The fruits ripen between February and April. The 
time from ripening onset to rotting of the fruit was 16±4 days. Skin colour starts to change 
on day 3 after abscission, and a completely yellow colour is obtained by day 12. 
1.5 Fruit ripening  
Marula fruits abscise before ripening; at this stage the skin color is green and the fruit is 
firm. The time for fruit abscission varies among trees. Of the studied trees, fruits abscised 
mainly in March and in late April. This can be attributed to genetic variation, which can be 
exploited for expanding the harvest period by planting clones that ripen at different times. 
(Palgrave, 1990; Mdluli, 2005; Dlamini and Dube, 2008). 
2. Marula pulp characteristics  
Of the wide range of nutrients in the Marula pulp the Vitamin C content has attracted the 
most attention. Indeed the vitamin C content is important to local communities who know 
well that it prevents scurvy. The fruit has small amounts of other vitamins such as thiamine, 
riboflavin and nicotinic acid. It is 85% moisture and 14% carbohydrate, mostly sucrose. 
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Citric acid is the most abundant acid excluding ascorbic acid, but malic and tartaric acid 
have also been noted. The mineral composition of the fruit shows high concentrations of 
Potassium, Calcium and Magnesium (Shackleton, et al., 2010). The aroma of Marula is 
perceived by other people to be like that of the grapefruit and there are in fact compounds 
that the two fruits have in common. However, the similarity in taste between grapefruit and 
marula is probably because of a dominant bitter taste caused by non volatiles. Others have 
likened the smell of marula juice to pineapples but this is probably also only in part due to 
complimentary volatile components such as ethyl acetate, benzaldehyde, linalool. With a 
unique and pleasurable taste, an attractive colour and odour and health properties such as 
high vitamin C and potassium, this fruit has all the physical requirements of the growing it 
for industrial purposes. Marula, Scelerocarya birrea, subspecies caffera, is one of Africa's 
botanical treasures. The flesh of the fruit clings onto to its brown stone. The flesh is very 
fibrous and juicy. Inside the woody stone are two to three seeds, which are very rich in oil 
and protein. (Shackleton, et al., 2010). 
Generally edible fruits constitute a commercially important and nutritionally indispensable 
food commodity. Being a part of a balanced diet, fruits play a vital role in human nutrition 
by supplying the necessary growth regulating factors essential for maintaining normal 
health. Fruits are widely distributed in nature. One of the limiting factors that influence their 
economic value is the relatively short ripening period and reduced post-harvest life. Fruit 
ripening is a highly coordinated, genetically programmed, and an irreversible phenomenon 
involving a series of physiological, biochemical, and organoleptic changes, that finally leads 
to the development of a soft edible ripe fruit with desirable quality attributes. Excessive 
textural softening during ripening leads to adverse effects/spoilage upon storage. 
Carbohydrates play a major role in the ripening process, by way of depolymerization 
leading to decreased molecular size with concomitant increase in the levels of ripening 
inducing specific enzymes, whose target differ from fruit to fruit. (Hillman, et al 2008; 
Brumell and Harpster, 2001; Prasanna, et al., 2007; Prescott, 2011) The major classes of cell 
wall polysaccharides that undergo modifications during ripening are starch, pectins, 
cellulose, and hemicelluloses. Pectins are the common and major components of primary 
cell wall and middle lamella, contributing to the texture and quality of fruits. Their 
degradation during ripening seems to be responsible for tissue softening of a number of 
fruits. Structurally pectins are a diverse group of heteropolysaccharides containing partially 
methylated D-galacturonic acid residues with side chain appendages of several neutral 
polysaccharides. The degree of polymerization/esterification and the proportion of neutral 
sugar residues/side chains are the principal factors contributing to their (micro-) 
heterogeneity. Pectin degrading enzymes such as polygalacturonase, pectin methyl esterase, 
lyase, and rhamnogalacturonase are the most implicated in fruit-tissue softening. Recent 
advances in molecular biology have provided a better understanding of the biochemistry of 
fruit ripening as well as providing a hand for genetic manipulation of the entire ripening 
process. It is desirable that significant breakthroughs in such related areas will come forth in 
the near future, leading to considerable societal benefits(Brumell and Harpster, 2001; 
Prasanna, et al., 2007; Prescott, 2011). 
Excessive softening is the main factor limiting fruit shelf life and storage. Transgenic plants 
modified in the expression of cell wall modifying proteins have been used to investigate the 
role of particular activities in fruit softening during ripening, and in the manufacture of 
processed fruit products. Transgenic experiments show that polygalacturonase (PG) activity 
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is largely responsible for pectin depolymerization and solubilization, but that PG-mediated 
pectin depolymerization requires pectin to be de-methyl-esterified by pectin methylesterase 
(PME), and that the PG beta-subunit protein plays a role in limiting pectin solubilization. 
Suppression of PG activity only slightly reduces fruit softening (but extends fruit shelf life), 
suppression of PME activity does not affect firmness during normal ripening, and 
suppression of beta-subunit protein accumulation increases softening. All these pectin-
modifying proteins affect the integrity of the middle lamella, which controls cell-to-cell 
adhesion and thus influences fruit texture (Arthachinta, 2000; Brumell and Harpster, 2001; 
Prasanna, et al., 2007; Prescott, 2011). Diminished accumulation of either PG or PME activity 
considerably increases the viscosity of tomato juice or paste, which is correlated with 
reduced polyuronide depolymerization during processing. In contrast, suppression of beta-
galactosidase activity early in ripening significantly reduces fruit softening, suggesting that 
the removal of pectic galactan side-chains is an important factor in the cell wall changes 
leading to ripening-related firmness loss. (Brumell and Harpster, 2001; Prasanna, et al., 2007; 
Prescott, 2011). Suppression or over expression of endo-(1--4) beta-D-glucanase activity has 
no detectable effect on fruit softening or the depolymerization of matrix glycans, and neither 
the substrate nor the function for this enzyme has been determined. The role of xyloglucan 
endotransglycosylase activity in softening is also obscure, and the activity responsible for 
xyloglucan depolymerization during ripening, a major contributor to softening, has not yet 
been identified. However, ripening-related expansion protein abundance is directly 
correlated with fruit softening and has additional indirect effects on pectin 
depolymerization, showing that this protein is intimately involved in the softening process. 
(Brumell and Harpster, 2001; Prasanna, et al., 2007; Prescott, 2011). Transgenic work has 
shown that the cell wall changes leading to fruit softening and textural changes are complex, 
and involve the coordinated and interdependent activities of a range of cell wall-modifying 
proteins. It is suggested that the cell wall changes caused early in ripening by the activities 
of some enzymes, notably beta-galactosidase and ripening-related expansin, may restrict or 
control the activities of other ripening-related enzymes necessary for the fruit softening 
process (Brumell and Harpster, 2001; Prasanna et al., 2007; Prescott, 2011). Whether the 
sugar of fruits is formed within them, or introduced through the stem, and, if formed in the 
fruits, from what substance formed, are questions which have been investigated, but not 
wholly settled. It has been pretty generally held that starch in the unripe fruits is converted 
into sugar in the ripe fruits; the fruit acids inducing the change, as we know they have 
power to do. But starch is not found in the unripe stage of all fruits, and, in the cases where 
found, its quantity is sometimes too small to serve as the source of all the sugar of the 
ripened fruit The maturity of fruit is the period of its maximum quantity of sugar. Sooner or 
later, the quantity of sugar begins to diminish, and then the fruit is overripe. It is safe to say 
that the sugar often begins to decompose during the life of the fruit; that is to say, fruit 
becomes overripe during its life. It would be difficult, however, to fix on the termination of 
the life of fruit. We certainly cannot say that life ceases when the circulation with the plant is 
cut off; and we cannot say that life continues in the sarcocarp until it is wholly disintegrated. 
(Brumell and Harpster, 2001; Prasanna, et al., 2007; Prescott, 2011). Now it is within the 
limits of our subject to inquire by what changes the sugar begins to disappear. In general 
terms, sugar suffers oxidation in ripe fruits, small portions being oxidized away even during 
the production of larger portions, and before perfect maturity. We do not know what fruit 
constituents, if any, result in this oxidation. The final products of oxidation, carbonic acid 
and water, are exhaled during ripening, and with greater rapidity after maturity has been 
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passed. The quantity of acids in fruits usually diminishes during ripening. The diminution is 
not, however, nearly so great as it appears to the taste, because the acid of ripe fruits is 
masked to the taste by the larger proportions of sugar and the pectous substances then 
present. The removal of acids is chiefly due to oxidation. It is not found that acids are 
neutralized, to any considerable extent, during ripening, by alkalies conveyed through the 
stem (Brumell and Harpster, 2001; Prasanna et al., 2007; Prescott, 2011). It is stated that the 
acids continue to oxidize away, after the sugar has reached its maximum and before it 
begins to diminish. Hence, perfect ripeness in fruit has been defined as that period during 
the maximum quantity of sugar when the quantity of acid is least. This will be, of course, 
just before the sugar begins to diminish. It has been stated that both citric and malic acids 
are often found in unripe grapes, and are substituted by tartaric acid during the ripening. 
Oxalic acid is more often found in unripe than in ripe fruits. It is to be desired that closer 
determinations should be made as to the presence and proportion of oxalic acid in tomatoes 
and some other fruits (Brumell and Harpster, 2001; Prasanna et al., 2007; Prescott, 2011). 
3. Fresh marula fruit juice shelf life extension by high-pressure processing – 
pascalization and aseptic methods 
The application of high hydrostatic pressure in processing of food is of great interest 
because of its ability to inactivate food related microorganisms and enzymes, at low 
temperature, without the need for chemical preservatives. High hydrostatic pressures, 
around 650 MPa reduces the microbial load in foods such as fruits. Pressure-treated foods 
have organoleptic properties similar to fresh products, which is a major advantage in juice 
processing as it matches consumer demand for healthy, nutritious and ‘‘natural’’ products. 
However, an important issue arises when we consider the acceptance of such products by 
the consumer (Jay, 1986; Adams and Moss, 1995; Deliza et al., 2004). It is also noted that the 
microbicidal activity of high pressure is enhanced by low pH or temperatures above and 
below ambient. High hydrostatic pressure acts primarily on non-covalent linkages, such as 
ionic bonds, hydrogen bonds and hydrophobic interactions, and it promotes reactions in 
which there is an overall decrease in volume (Adams and Moss, 1995; Indrawati et al., 2008; 
Sampedro et al., 2008; Chao, et al 2011). It can have profound effects on proteins, where such 
interactions are critical to structure and function, although the effect is variable and depends 
on individual protein structure. Other proteins are relatively unaffected and this can cause 
problems when they have enzymic activity which limits product shelf-life. Pectin esterase in 
orange juice, for instance, must be inactivated to stabilize the desired product cloudiness, 
but is very stable to pressures up to 1000 MPa. Non-protein macromolecules can also be 
affected by high pressures so that pascalized starch products often taste sweeter due to 
conformational changes in the starch which allow salivary amylase greater access. Adverse 
effects on protein structure and activity obviously contribute to the antimicrobial effect of 
high pressures, although the cell membrane also appears to be an important target. 
Membrane lipid bilayers have been shown to compress under pressure and this alters their 
permeability. As a general rule vegetative bacteria and fungi can be reduced by at least one 
log cycle by 400 MPa applied for 5 min. (Indrawati et al., 2008; Sampedro et al., 2008; Chao et 
al., 2011) 
Bacterial endospores are more resistant to hydrostatic pressure, tolerating pressures as high 
as 1200 MPa. Their susceptibility can be increased considerably by modest increases in 
temperature, when quite low pressures (100 MPa) can produce spore germination, a process 
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in which the spores lose their resistance to heat and to elevated pressure. Hydrostatic 
processing has a number of appealing features for the food preparations such as Marula 
fruit juice. (Indrawati, et al., 2008; Sampedro, et al., 2008; Chao, et al., 2011) 
It acts instantly and uniformly throughout a substance so that the processing time is not 
related to container size and there is none of the penetration problems associated with heat 
processing. Nutritional quality, flavour, appearance and texture resemble the fresh material 
very closely. To the consumer where it has been used it is regarded as a 'natural' process 
with none of the negative associations of processes such as irradiation or chemical 
preservatives. ((Indrawati, et al., 2008; Sampedro, et al., 2008; Chao, et al., 2011) 
Appertized foods include those which are hermetically sealed into containers, usually cans, 
and then subjected to heat process in-pack. While this has been hugely successful as a long 
term method of food preservation, it does require extended heating periods in which a 
food's functional and chemical properties can be adversely affected. (Adams and Moss, 
1995) 
3.1 Fresh marula fruit juice shelf life extension by temperature control  
Low-temperature storage - chilling and freezing the rates of most chemical reactions are 
temperature dependent; as the temperature is lowered so the rate decreases. Since food 
spoilage is usually a result of chemical reactions mediated by microbial and endogenous 
enzymes, the useful life of many foods can be increased by storage at low temperatures. 
Chilled foods are those foods stored at temperatures near, but above their freezing point, 
typically 0-5°C. Chill storage can change both the nature of spoilage and the rate at which it 
occurs. There may be qualitative changes in spoilage characteristics as low temperatures 
exert a selective effect preventing the growth of mesophiles and leading to a microflora 
dominated by psychrotrophs (Paine and Paine, 1992; Blakestone, 1999; Cheikh, et al., 2009; 
Philip, 2010).  
Blanching is achieved either by brief immersion of foods into hot water or the use of steam. 
Its primary functions are as follows: inactivation of enzymes that might cause undesirable 
changes during freezing storage, enhancement or fixing of the green color of certain 
vegetables, reduction in the numbers of microorganisms on the foods, facilitating the 
packing of leafy vegetables by inducing wilting, displacement of entrapped air in the plant 
tissues. When water is used, it is important that bacterial spores not be allowed to build up 
sufficiently to contaminate the juice. Reductions of initial microbial loads as high as 99% 
have been claimed upon blanching (Blakestone, 1999; Cheikh, et al., 2009; Philip 2010). 
According to Adams and Moss,1995 the term Pasteurization is given to heat processes 
typically in the range 60-80 °C and applied for up to a few minutes, is used for two 
purposes. First is the elimination of a specific pathogen or pathogens associated with a 
product. This type of pasteurization is often a legal requirement introduced as a public 
health measure when a product has been frequently implicated as a vehicle of illness. The 
second reason for pasteurizing a product is to eliminate a large proportion of potential 
spoilage organisms, thus extending its shelf-life. This is normally the objective when acidic 
products such as beers, fruit juices, pickles, and sauces are pasteurized. Where 
pasteurization is introduced to improve safety, its effect can be doubly beneficial (Adams 
and Moss, 1995; Blakestone, 1999; Cheikh, et al., 2009; Philip, 2010). The process cannot 
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discriminate between the target pathogen(s) and other organisms with similar heat 
sensitivity so a pasteurization which destroys say Salmonella will also improve shelf-life. The 
converse does not normally apply since products pasteurized to improve keeping quality 
are often intrinsically safe due to other factors such as low pH. On its own, the contribution 
of pasteurization to extension of shelf-life can be quite small; particularly if the pasteurized 
food lacks other contributing preservative factors such as low pH, where as appertization 
refers to processes where the only organisms that survive processing are non-pathogenic 
and incapable of developing within the product under normal conditions of storage. As a 
result, appertized products have a long shelf-life even when stored at ambient temperatures. 
An appertized or commercially sterile food is not necessarily sterile - completely free from 
viable organisms (Adams and Moss, 1995; Blakestone, 1999; Cheikh, et al., 2009; Philip, 
2010). 
Sterilization: This is the process of destroying all forms of microbial life. A sterile object is 
free from living organism. killing bacteria is the irreversible loss of the bacteria’s ability to 
reproduce. The cells are killed over a period of time at a constant exponential rate that is the 
inverse of exponential growth rate. Some portion of population dies during any given time. 
The graph of logarithm of number of survivor’s v/s time in hours shows that the death rate 
is constant. Slope of this curve is a measure of death-rate (Jay, 1986; Adams and Moss, 1995). 
The probability of killing the organisms is also proportional to concentration of chemical 
agent or intensity of physical agent. It takes time to kill the population and if we have many 
cells, we must treat them for a longer time. Although imperfect, cooking and canning are the 
most common applications of heat sterilization. Boiling water kills the vegetative stage of all 
common microbes. Cooking food does not sterilize food but simply reduces the number of 
disease-causing micro-organisms to a level that is not dangerous for people with normal 
digestive and immune systems. Pressure cooking is analogous to autoclaving and when 
performed correctly renders food sterile. (Jay, 1986; Adams and Moss, 1995).  
In UHT processing the food is heat processed before it is packed and then sealed into 
sterilized containers in a sterile environment. This approach allows more rapid heating of 
the product, the use of higher temperatures than those employed in canning, typically 130-
140°C, and processing times of seconds rather than minutes (Jay, 1986; Adams and Moss, 
1995; Michael and Hepell 2000).The advantage of using higher temperatures is that the z 
value for chemical reactions such as vitamin loss, browning reactions and enzyme 
inactivation is typically 25-40°C compared with 10°C for spore inactivation. This means that 
they are less temperature sensitive so that higher temperatures will increase the microbial 
death rate more than they increase the loss of food quality associated with thermal reactions. 
A common packing system used in conjunction with UHT processing is a form/ fill/seal 
operation in which the container is formed in the packaging machine from a reel of plastic 
or laminate material, although some systems use preformed containers. In order to obtain 
commercial sterility it is given a bactericidal treatment, usually with hydrogen peroxide, 
sometimes coupled with UV irradiation (Jay, 1986; Adams and Moss, 1995). 
3.2 Fresh marula fruit juice shelf life extension by chemical methods 
Chemicals that can possibly be used for sterilization marula juice include the gases ethylene 
oxide, Ozone, hydrogen peroxide which are examples of chemical sterilization techniques 
based on oxidative capabilities.  
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Ethylene oxide (ETO) is the most commonly used form of chemical sterilization. Due to its 
low boiling point of 10.4ºC at atmospheric pressure, Ethylene oxide behaves as a gas at room 
temperature. Ethylene oxide chemically reacts with amino acids, proteins, and DNA to 
prevent microbial reproduction. The sterilization process is carried out in a specialized gas 
chamber. After sterilization, products are transferred to an aeration cell, where they remain 
until the gas disperses and the product is safe to handle. Ethylene oxide is used for cellulose 
and plastics irradiation, usually in hermetically sealed packages. Ethylene oxide can be used 
with a wide range of plastics and other materials without affecting their integrity. Ethylene 
oxide vapours are inflammable so a mixture of ethylene oxide 10 to 20 % with 80 to 90 % 
CO2, or Feron is used, CO2 or Feron serve as inert diluent which prevent inflammability. It is 
a unique and powerful sterilizing agent. Bacterial spores show little resistance to destruction 
by this agent. (Morga, et al., 1979; Adams and Moss, 1995) It has got very good penetrating 
power. It passes through the sterilizes large packets of materials and even certain plastics. It 
should be used with caution. The concentration of ethylene oxide and temperature and 
humidity are critical factors which determine the time required for sterilization. The 
apparatus used for its application is an autoclave modified. It is effective at low temperature 
and does not damage the material exposed to it but it is slow in action. The mode of action is 
believed to be alkylation reactions with organic compounds such enzymes and other 
proteins. (Jay, 1986; Adams and Moss, 1995). Ozone sterilization has been recently approved 
for use in the U.S. It uses oxygen that is subjected to an intense electrical field that separates 
oxygen molecules into atomic oxygen, which then combines with other oxygen molecules to 
form ozone. Ozone is used as a disinfectant for water and food. It is used in both gas and 
liquid forms as an antimicrobial agent in the treatment, storage and processing of foods 
(Adams and Moss, 1995; Cullen et al., 2010; Philip, 2010).  
Low Temperature Gas Plasma (LTGP) is used as an alternative to ethylene oxide. It uses a 
small amount of liquid hydrogen peroxide (H2O2), which is energized with radio frequency 
waves into gas plasma. This leads to the generation of free radicals and other chemical 
species, which destroy organisms (Jay, 1986; Adams and Moss, 1995). 
Hypochlorites: Calcium hypochlorite Ca(OCl)2 and sodium hypochlorite NaOCl are widely 
used. They are in powder or liquid forms and in various concentrations from 5-70%. CaCl2 is 
used to sanitize equipment and 1% NaOCl for personal hygiene and household disinfection. 
(Adams and Moss, 1995; Cullen et al., 2010; Philip, 2010). This could find application in the 
extension of marula juice shelf life extension. 
3.3 Preservatives 
Although some would regard all chemical additions to food as synonymous with 
adulteration, many are recognized as useful and are allowed. Additives may be used to aid 
processing, to modify a food's texture, flavour, nutritional quality or colour but, here, we are 
concerned with those which primarily effect keeping quality: preservatives(Jay, 1986). 
Preservatives are defined as 'substances capable of inhibiting, retarding or arresting the 
growth of micro-organisms or of any deterioration resulting from their presence or of 
masking the evidence of any such deterioration'. They do not therefore include substances 
which act by inhibiting a chemical reaction which can limit shelf-life, such as the control of 
rancidity or oxidative discoloration by antioxidants. Neither does it include a number of 
food additives which are used primarily for other purposes. Preservatives may be 
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microbicidal and kill the target organisms or they may be microbistatic in which case they 
simply prevent them growing. This is very often a dose-dependent feature; higher levels of 
antimicrobial proving lethal while the lower concentrations that are generally permitted in 
foods tend to be microbistatic (Jay, 1986). For this reason chemical preservatives are useful 
only in controlling low levels of contamination and are not a substitute for good hygiene 
practices, effect on flavour and on product pH, thus potentiating their own action by 
increasing the proportion of undissociated acid present. 
Benzoic acid occurs naturally in cherry bark, cranberries, greengage plums, tea and anise but 
is prepared synthetically for food use. Its antimicrobial activity is principally in the 
undissociated form and since it is a relatively strong acid (pH4.19) it is effective only in acid 
foods. As a consequence, its practical use is to inhibit the growth of spoilage yeasts and 
moulds (Jay, 1986).   
3.4 Fresh marula fruit juice shelf life extension by radiation methods  
Gamma rays and X-rays which have ionizing energy enough to pull electrons away from 
molecules and ionize them. When such radiation passes through cells it creates free 
hydrogen and hydroxyl radical and some peroxides which in turn can cause different kinds 
of intracellular damage. U.V. light does not ionize; it is absorbed quite specifically by 
different chemical species that can engage in a variety of chemical reactions not possible for 
unexcited molecules. Organisms may be subjected to acoustic radiation (sound waves). 
Ionizing radiation is also used to sterilize biological materials. This method is called Cold 
Sterilization because ionizing radiations produced relatively little heat in the material being 
irradiated. Thus it is possible to sterilize heat-sensitive substances by radiations and such 
techniques are being developed in the food and pharmaceutical industries (Jay, 1986; Adams 
and Moss, 1995; Chao et al., 2011). 
Ultraviolet light has the bactericidal activity. Although the radiant energy of sunlight, is 
partly composed of UV light, most of the shorter wavelength of this are filtered by the 
earth’s atmosphere is restricted. Many lamps are available which emit a high concentration 
of UV light in the most effective region. UV light has very little ability to penetrate matter. 
UV light is absorbed by many cellular materials but most significantly by the nucleic acids 
where it does the greatest damage. The absorption and subsequent reactions are 
predominantly in the pyrimidines of the nucleotide bases which result in killing of cells. 
Death of a population of UV-irradiated cells demonstrates log-linear kinetics (Jay, 1986; 
Adams and Moss, 1995; Chao et al., 2011). 
Similar to thermal death and, in an analogous way, D values can be determined. These give 
the dose required to produce a tenfold reduction in surviving numbers where the dose, 
expressed in ergs, is the product of the intensity of the radiation and the time for which it is 
applied.  
Determination of UV D values is not usually a straightforward affair since the incident 
radiation can be absorbed by other medium components and has very low penetration. 
Passage through 5 cm of clear water will reduce the intensity of UV radiation by two-thirds. 
This effect increases with the concentration of solutes and suspended material so that in 
milk 90% of the incident energy will be absorbed by a layer only 0.1 mm thick. This low 
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penetrability limits application of UV radiation in the food industry to disinfection of air 
and surfaces (Jay, 1986; Adams and Moss, 1995; Chao et al., 2011). 
Low-pressure mercury vapor discharge lamps are used: 80% of their UV emission is at a 
wavelength of 254 ohm which has 85% of the biological activity of 260 om. Wavelengths 
below 200nm are screened out by surrounding the lamp with an absorbent glass since these 
wavelengths are absorbed by oxygen in the air producing ozone which is harmful. The 
output of these lamps falls off over time and they need to be monitored regularly. Process 
water can be disinfected by UV; this avoids the risk of tainting sometimes associated with 
chlorination, although the treated water will not have the residual antimicrobial properties 
of chlorinated water. Process workers must also be protected from UV since the 
wavelengths used can cause burning of the skin and eye disorders. (Jay, 1986; Adams and 
Moss, 1995; Chao et al., 2011). 
3.5 Gamma-rays 
These are high energy radiations emitted from radioactive isotopes such as 60 C. they are 
similar to X-rays but of shorter wavelength. They have great penetration power and are 
lethal to all life including microbes. They are used for sterilization of materials of 
considerable thickness or volume. (Jay, 1986; Adams and Moss, 1995). 
Microwave Radiation The microwave region of the e.m. spectrum occupies frequencies 
between 109 Hz up to 1012 Hz and so has relatively low quantum energy. Unlike the other 
forms of radiation, microwaves act indirectly on micro-organisms through the generation of 
heat. When a food containing water is placed in a microwave field, the dipolar water 
molecules align themselves with the field. As the field reverses its polarity 2 or 5 x 1 09 times 
each second, depending on the frequency used, the water molecules are continually 
oscillating. This kinetic energy is transmitted to neighbouring molecules leading to a rapid 
rise in temperature throughout the product. Microwaves are generated using a magnetron 
(Jay, 1986; Adams and Moss, 1995). The principal problem associated with the domestic use 
of microwaves is non-uniform heating of foods, due to the presence of cold spots in the 
oven, and the non-uniform dielectric properties of the food. These can lead to cold spots in 
some microwaved foods and concern over the risks associated with consumption of 
inadequately heated meals has led to more explicit instructions on microwaveable foods. 
These often specify a tempering period after heating to allow the temperature to equilibrate. 
(Jay, 1986; Adams and Moss, 1995; Prescott, 2011). 
3.6 Fresh marula fruit juice shelf life extension by hormonal application 
Most fruit first become ripened because of the release of a hormone within the fruit and the 
plant called ethylene (H2C=CH2). Ethylene causes the breakdown which in itself causes a 
production of enzymes that break down the structures of the fruit (e.g. amylase, 
pictenase).The ethylene gas also destroys the green pigment of the fruit chlorophyll. But for 
any fruit to become ripened there needs to be a high enough concentration of ethylene 
around the fruit to even begin to ripen. The process of the fruit spoiling is just the 
decomposition of the fruit itself. That is mostly caused by the two enzymes previously 
mentioned -amylase and pectinase. The role that these enzymes play are like biological 
scissors. The structure of plants are made out of carbohydrates - mostly starches (Jay, 1986; 
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Adams and Moss, 1995; Allong et al., 2001; Prescott, 2011). The amylase acts on the starches, 
which are made of amylose, which is just a long chain of glucose molecule. And what the 
amylase does is it cuts the bonds of the starch chain, so then the glucose molecules are free; 
and now the fruit tastes sweet. The other enzyme pectinase does almost the exact same thing 
as amylase, it cuts away the bonds of the pectin molecule so now we have a bunch of 
pectinic acid, and now the fruit is soft enough to eat. Pectin is extremely important for 
fruits/plants because it hold the cells together. Fruits become discolored due to chemical 
reactions as well. Like previously stated before, ethylene destroys chlorophyll. When most 
fruits are produced, they all initially contain chlorophyll. Fruits then become ripened due to 
other chemicals within the fruit and as well as chemicals outside of the fruit (Jay, 1986; 
Adams and Moss, 1995; Prescott, 2011). 
3.7 Fresh marula fruit juice shelf life extension by appropriate hybrids or genetic 
manipulation  
Through selection hybrid trees that are short and easy to hand or machine pick can be 
produced. This would minimise contamination from the soil and improve the shelf life of 
the juice. This has been achieved in other plants where trees were bred to achieve heights 
where hand or machine picking was practiced with ease (Bergh and Whitsell, 1962).  
4. Laboratory work on some aspects of marula juice shelf life extension  
The aim of this study was to determine some aspects of physico-chemical conditions that 
could contribute to the shelf life extension of fresh marula juice. 
Fruit juice is defined as the fermentable but unfermented juice pressed or squeezed from the 
fruit excluding the peel. Fresh juice has a very short life after extraction from the whole fruit, 
due to enzyme or microbial actions unless it is rapidly processed and/or preserved. Steps to 
achieve aseptic processing involve minimizing the presence of microorganism in the 
environment and on the product without compromising the organoleptic quality of the 
product. Since all fruit juices provide an excellent medium for microbiological activity it 
becomes imperative that high standards of hygiene are observed from the on set. To extract 
the juice the fruits were washed with chlorinated water and rolled on a clean hard surface 
and then pieced with a toothpick and the juice then squeezed out into clean containers. The 
single strength juice from different fruits was, pooled, filtered and subjected to the following 
treatments in 100ml containers: Blanching; Pasteurization; Sterilization; and Blanching 
/Pasteurization and then preserved with 0.1% Sodium Benzoate, one portion stored at 4°C 
and the other portion at 22°C for 8 weeks as a way of extending the shelf life. The following 
parameters were assessed, sugar content of the berry, acidity, and the pH at the green stage 
of the fruit to fully ripe yellow fruits to map out strategies for shelf life extension. There 
amount of Vitamin C (Ascorbic acid) was assessed for the following treatments Blanching; 
Pasteurization; Sterilization; and Blanching /Pasteurization as an indicator of stability. The 
°Brix value and Browning index were determined. The sensory scores were determined to 
ensure that the treatments done do not result in an unpalatable product. Measurements of 
headspace were determined to evaluate its effect on the shelf life. Extending the life of fresh 
marula juice by altering its physico chemical properties were carried out in the laboratory as 
follows.  
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1. Blanching in which the fruit juice was subjected to a temperature of 100°C for 3 
minutes;  
2. Pasteurization in which the fruit juice was subjected to a temperature of 82°C for 15 
seconds;  
3. Sterilization in which the fruit juice was subjected to a temperature of 100°C for 5 
minutes; 
4. Blanching and Pasteurization in which the fruit juice was subjected to both treatments 
as stated above. Each experiment had two replications to determine statistically 
significant differences between samples.  
5. The juice from each treatment was preserved with 0.1% Sodium Benzoate, one portion 
stored at 4°C and the other portion at 22°C for 8 weeks.  
Other Quality parameters were also assessed 
6. Brix value; The oBrix was determined on a Riechart Abbe Refractometer. Distilled water 
was placed on the platform and the readings adjusted to zero then a drop of sample 
was placed on the platform and the total soluble solids (mostly sugars) value or °Brix 
value were read and recorded. 
7. Browning index; The browning index was determined. The brown pigments were 
extracted by diluting the juice 1:1 with 95% ethanol, filtering and measuring the 
absorbance at 420nm on a Milton Roy spectrophotometer. 
8. Total titratable acidity (TTA %) For total titratable acidity 0.1NaOH was titrated against 
1ml sample single strength juice containing a drop of 1% phenolphthalein indicator in 
95% ethanol to a permanent end point pink colour at pH 8.1.  
9. Vitamin C content in mg/100g and vitamin C determination was done by taking 1ml of 
sample and titrating it with redox dye 2, 6-dichlorophenolindophenol (DCPIP) to a 
permanent pink colour and then concentration calculations were done. The juice of 
marula fruit is known to be rich in vitamin C (Hillman et al., 2008; Dlamini and Dube, 
2008). Hillman et al., (2008), reported vitamin C contents of marula clones ranging from 
7 to 21 mg/g dry weight, amounts that were approximately 10 times higher than orange 
and pomegranate fruit juice. The high ascorbic acid content of marula makes it a cheap 
and accessible source of nutrients and antioxidants. The protection against disease 
provided by fruits and vegetables has been attributed to the various antioxidants 
contained in these foods. Because of its strong reducing properties, ascorbic acid acts a 
singlet oxygen quencher, thus reducing the damaging effect of free radicals which are 
implicated in the etiology of a number of diseases, including cancer and heart, vascular, 
and neurodegenerative diseases (Hillman et al., 2008). 
10. Sensory score were monitored weekly for eight weeks Sensory score was done after 
previously documented methods. A trained 10-member panel holds the sample in the 
mouth, smell it and visualise it. The samples were coded with three-digit random 
numbers, placed in random order and served at 16°C in wine glasses. Unsalted crackers 
and water rinsing were utilized between each sample. Each panelist was asked to rate 
the samples for clarity, degree of browning, color, taste and flavor. A score sheet with 
vertical line scales for each rating was provided. Each scale was 10-cm long with anchor 
terms labeling each end. The top of the clarity scale was anchored with clear, and the 
bottom was anchored with extremely cloudy. The top of the browning scale was labeled 
with no browning, and the bottom was labeled with excessive browning. The tops of 
the color and flavor scales were anchored with highest value, and the bottoms were 
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anchored with lowest value. The panelists were instructed to make a horizontal mark 
through the scale and write the corresponding sample number adjacent to the mark. 
The results were recorded on a scale of one to five. The sum of scores of each sample 
was divided by the number of panelist and the resulting average expressed as sensory 
score.  
For microbial load the sample was diluted up to 10-4 in saline water and then plated on 
nutrient agar and colony forming units counted. 
5. Results 
The fruits ripen between February and April. The time from ripening onset to rotting of the 
fruit was 16±4 days. Skin colour started to change on day 3 after abscission, and a 
completely yellow colour was obtained by day 12. The sugar content of the berry increases 
rapidly, acidity (TTA%) decreases, and the pH increases from 2.5 at the green stage of the 
fruit to 3.32 in fully ripe fruits. Berry skins lose chlorophyll and begin to develop 
characteristic yellow-gold colour. There was a significant decrease of Vitamin C (Ascorbic 
acid) due to processing in the order: Sterilize>Blanch/pasteurise>Pasteurise>Blanch. At 
22°C the first week shows the greatest decline in vitamin C, which is followed by a period of 
improved stability. There is a decline in the °Brix value with time in Blanched juice stored at 
22oC. At 4°C all treatments show minimal degradation in the °Brix values and Browning 
index. The sensory score increases as the fruit ripens reaching its peak at °Brix value of 13.5, 
which corresponds to yellow colour stage of ripening. In response to various storage 
containers Browning index and vitamin C content decreased in the order of 
liner>plastic>clear glass>brown glass with time in juice stored at 22°C. There was no 
significant change in sensory score of Sterilized and Blanched/Pasteurised juice stored at 4°. 
But at 22°C the decline in sensory score was rapid for all treatments. Measurements of 
headspace did not affect vitamin C content and browning index when the juice was stored 
at 4°C but at 22°C they did. Higher processing temperatures reduce microbial flora. Some 
fruits retained 80% of their vitamin C content after storage at -18°C for two years.  
6. Discussion  
The pattern of fruit abscission differed among trees, but in most examined individual trees, 
80% of the fruits abscised within two weeks which is in agreement with previous authors 
(Arthachinta, 2000). Ripening of abscised fruits is affected by storage temperatures. After 14 
days of storage, fruits kept at 4°C remained green and firm, while those kept at 22°C 
developed a yellow color and could be squeezed for juice. As ripening progressed they 
developed a golden yellow color, higher juice content, and lower acidity as also noted for 
other fruits studied. The fruits began to develop brown spots on the skin one week after the 
on set of the deeper yellow colour. Similar observations have been made for other fruits 
studied (Huang and Liu, 2002; Brumell and Harpster, 2001; Mahayothee et al., 2002; 
Prasanna et al., 2007; Prescott, 2011). These results indicate that climacteric processes in 
marula start after abscission, which is in agreement with studies on other related fruits 
(Brumell and Harpster, 2001; Prasanna, et al., 2007; Prescott, 2011). Blanching as treatment of 
prolonging the shelf life has been used in the canning industries. The effect of this treatment 
was comparable with previous results from various fruits particularly reduction in vitamin 
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C content (Brumell and Harpster, 2001; Prasanna, et al., 2007; Rico et al., 2007; Prescott, 2011). 
Sterilized marula juice remained in a stable state for extended periods but had the greatest 
loss of vitamin C and sensory score recorded initially which is in agreement with previous 
studies on these attributes(Brumell and Harpster, 2001; Prasanna et al., 2007; Nassu et al., 
2001; Prescott, 2011). °Brix and TTA were not affected by sterilization. Pasteurization least 
affected the sensory score, the °Brix, and Vitamin C. But the Browning index progressed 
rapidly under this treatment as previously recorded for other fruits(Brumell and Harpster, 
2001; Prasanna et al., 2007; Prescott, 2011). Storage at 4°C showed the highest stability of the 
juice for all treatments however at 22°C the was a rapid decline of vitamin C and rapid 
increase in the browning index in the first two weeks which was followed by a more stable 
quality maintenance for six weeks of the study period. Similar observations have been noted 
in some fruits previously studied (Brumell and Harpster, 2001; Prasanna et al., 2007; 
Prescott, 2011). The drop in pH as fruits ripen has been similarly observed for other fruits 
(Brumell and Harpster, 2001; Prasanna et al., 2007; Prescott, 2011). In order to improve the 
shelf life of the non-alcoholic marula fruit juice, the appropriate headspace and the most 
suitable packaging materials should be established and then production of this juice can be 
embarked-on on a commercial scale. This will make the juice available to children. Thus a 
wider portion of the population will benefit from this nutritious resource. Efforts to improve 
on the shelf life of indigenous fruits have been successfully made in Malaysia and other 
developing countries (Brumell and Harpster, 2001; Prasanna et al., 2007; Prescott, 2011). 
7. Concluding remarks 
By modifying the physico-chemical conditions marula juice can have its shelf lie extended 
without compromising its organoleptic properties. The amounts of vitamin C are in 
agreement with previous studies and this vitamin has been used as measure of stability of 
fresh fruit juices a factor confirmed by this study. Sugar levels as measured by °Brix and 
TTA and enzymatic browning are a function ripening and storage conditions and physico-
chemical conditions. Temperature in particular is critical for shelf life extension of fresh 
marula juice. 
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